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The Standard Model

The standard model of particle physics is a well-tested theoretical framework,

However, the SM has a number of issues need further investigation:
O The nature of quark confinement
O Matter-antimatter asymmetry of the Universe
O Gravity, dark matter, neutrino masses, numbers of flavors, etc.
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Physics In tau-Charm Region

XYZ particles

Physics with D mesons
fD and fDs

DO-DO mixing

Charm baryons

O The interplay of perturbative and nonperturbative dynamics
O Unique features: Rich of resonances, Threshold characteristics,

Quantum correlation




BEPCII: a T-charm factory

% "\ BESIII
¢ || detector

E.,= 2.0-4.6 GeV (2.0-4.9 GeV since 2019)
Energy spread: AE ~5x 10™*

Peak luminosity in continuously operation
@E,=3.77 GeV: ~0.8x 1033 cm™?%s~!

Electromagnetic
Calorimeter

CsI(TI): L=28 cm
Barrel a5=2.5%
Endcap 05=5.0%

Muon Counter
RPC

Barrel: 9 layers

Endcap: 8 layers
Ospatial- 1.48 CM

RPC: 9

layers ‘
|

i{l”l_
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Elect To Magnettc
Calorimeter {

Main Drift Chamber
Small cell, 43 layer
0xy=130 um
dE/dx~6%
o,/p=0.5% at 1 GeV

Time Of Flight
Plastic scintillator
or(barrel): 80 ps
or(endcap): 110 ps
(update to 65 ps
with MRPC)
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Data samples collected at BESII|

Data sets collected so far include,

> 10 x 10° J /1 events

> 0.5 x 10° ¢’ events

» Scan data [2.0, 3.08] GeV; [3.735, 4.600]
GeV, 130 energy points, about 2.0 fbt

> Large data sets for XYZ study above 4.0
GeV about 17 fb!

Unique data sets at open charm thresholds

Vs/GeV L/

3.77 293 DD

4.008 0.48  DD*, y(4040), D D7
4.18 3.2 DsD?

46-47 4.3 AFAZ

2
fa gl T 1 | T T T ‘ 1 ‘ 1
, P u,d s
3 loop pQCD
0 E ey —— Naive quark mode] -
! s sttt iy P e = fok
[ st T gt U 413,006
S :
Inelusive: St
: 4.22,4.236,
! KEDR 4 A25,41,
o'l Clan cover.(]-.4.9lGerrom ﬁnergyscan 526 pr 428,425,
§|“' direct annihilation or ISR o BES 4315,4.34,
. 1 | /““-4“44
05 f 15 2 25 / 7.7
7 T 1 7 7 1 T A"‘—qJ
7 28) | o
6 - & Mark-
i Mark-L+ LGW
0x10° ) | w Ml ¥
: L o PLUT005X 10°
: # Crystal Ball
s + BES
: o KD 9"
L -1
3 _— | ‘ ‘ s
\ 4.61,4.62, 4.64,
P 13# (13# | a4

3.7fb!

3 3.5




D N N N N NN

AN

BESIII physics highlights

Best precision of tau mass measurement (Am, = 0.18 MeV)
Charmonium and XY Z spectroscopy: Z,(3900), X(3872), Y(4260)...
Light hadron & searches of exotics: X(1835), glueball...

Precision charm physics: CKM, decay constant, form factors, LFU, A, decays
Probe EM structure of baryons: Gg, G,, of proton, neutron, hyperons
Hyperon-anti-hyperon pairs from J/ip and vy’ decays:

asymmetry parameters, CP violation, polarizations
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Charmonium (Like) spectroscopy

Excellent platform to explore the QCD
@ Fruitful results in past decade, a new territory to study exotic

hadrons
4.80r | X(3872)
, | X(3940)
;:;;:-}-433,(4.45) X(4160)
4.40r ' X (4350)
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Events / 5 MeV/c?

The XYZ states

PRL 122, 202001 (2019)
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XYZ states are studied extensively at BESIII
with high efficiency & low background

Relations between XY Z states are building

Various models are proposed to understand
their structure(tetraquark, molecule, hybrid...) =

More efforts are needed to understand their
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More details can be found in Ryan’s talk in RF7



Systematic study of glueball at BESIII
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Charmonium decays provides an ideal hunting ground for light
glueballs

> “Glue-rich” process

» Clean high statistics data samples from e*e- production
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PWA of J/3 — ynm/yKJK}

BESIII PRD 87, 092009 (2013)
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BESIII’s results favor f,(1710) as scalar glueball,
more experimental measurements are needed.



Anomalous line shape of n“mr+1r- near pp mass

threshold

X(1835) observed in J/y—yn'nt' n” 295 Mill 3/psi X(pp) observed in]/y—-ypp
PRL 106, 072002 (2011 Hion Sl PRL 108, 112003 (2012)
v . 201 P PRL 115, 091803 (2015)
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The anomalous line shape can be modeled two models with equally good fit

quality

« Suggest the existence of a state, either a broad state with strong
couplings to pp, or a narrow state just below the pp mass threshold

» Support the existence of a pp molecule-like state or bound state



Charm physics

CKM matrix elements are fundamental SM parameters that
describe the mixing of quark fields due to weak interaction.

(d l\ (Vudvusvub \ /d \
S' — Vcdvc:livcb S

Kb' J kvtdvtsvtb ) \b )
Purely Leptonic:

Leptonic and semileptonic decays of charmed v
. ] cd(s)
hadrons (D° D*,D.*, Af) provide ideal testbeds o [ LW "
: : ©VEEE
to explore weak and strong interactions “d(s) v
1. |Vegl: better test on CKM matrix unitarity Semi—Lept\pnic:
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D, (Semi-)Leptonic decay

2.93 fbl data @3.773 GeV

Number of Events

PRD 89, 051104 (2014)
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Determination of y4, angle

O The cleanest way to extracty is from B> DK decays:

v, K' N 0’
W' s wh - A(B* — D°K") _ e
— . _ + ' ) =Is
> Vo ‘ i . A(B* —> D°K ™)
BJr u u 50 u u K+

— Interference between tree-level decays; theoretically clean
— current uncertainty o(y) ~5°
— however, theoretical relative error ~10-7 (very small!)
O Information of D decay strong phase is needed
— Best way is to employ quantum coherence of DD production at threshold

1.6 T
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More details can be found in Xiaorui’s talk in RF1



Precision measurements of A, decay

PDG2014

r(pK°x%)/r(pK~=*) M7/T2

VALUE _EVTS DOCUMENT ID TECN _ COMMENT

0.66+0.05+0.07 774 ALAM 98 CLE2 |ete™ ~ 7(45)

r(pK0n) /T (oK) fo/T2
Unseen decay modes of the 5 are included.

VALUE EVTS DOCUMENT ID TECN | COMMENT

0.25+0.04+0.04 57 AMMAR 95 CLE2 JeTe™ = T(45)

r(pmn*‘ ) /T(pK~ =) lo/T2

VALUE _EVTS DOCUMENT ID TECN _ |COMMENT

0.51+0.06 OUR AVERAGE

0.52+40.04+0.05 985 ALAM 98 CLE2 feTe™ =~ T(4S)

0.43+0.12+0.04 83 AVERY 91 CLEO feTe™ 10.5 GeV

0.98+0.3640.08 12 BARLAG 900 NA32 fr— 230 GeV

FpK- 1r+1r°)/|'(pK' %) lo/M2

VALUE _EVTS DOCUMENT ID TECN | COMMENT

0.67+0.04+0.11 2606 ALAM 98 CLE2 |ete™ ~ T(45)

M(pK*(892)~ =) /T(pK°nt 7~) M1/le
Unseen decay modes of the K*(892) are ingluded.

VALUE EVTS DOCUMENT ID TECN | COMMENT

0.441+0.14 17 ALEEV 94 BIS2 | nN 20-70 GeV

F(p(K~7*)nonresonant 7°) /T (PK~7*) M2/l

VALUE _EVTS DOCUMENT 1D TECN | COMMENT

0.73£0.1240.05 67 BOZEK 93 NA32 | = Cu 230 GeV

PDG2019

I'(pK§1r°)/rW r7/T
VALUE (%) EvTs DOCUMENT 1D TECN_ COMMENT

1.96+0.13 OUR FIT Error includes scale factor of 24

1.87+0.13+0.05 558 ABLIKIM 16 §BES3 efe~ — A A, 4.59 Gev |}

r(pKg=®)/r(pK—=*) r7/r2

Measurements given as a KO ratio have been divided by 2 to convert to a Kg ratio.

VALUE EVTS DOCUMENT 1D TECN  COMMENT
0.314:4+0.018 OUR FIT
0.33 +£0.03 +0.04 774 ALAM 98 CLE2 e7e = T(AS)
l'(anr"')/l'W l'./l"
1.82+0.23+0.11 83 ABLIKIM 174 IBES3  eT e~ at 4.6 GeV |
l'(p-Rov))/l'(pK‘ =x+) Fo/T2
Unseen decay modes of the r are included.
VALUE EVTS DOCUMENT 1D TECN COMMENT
0.25+0.04:0.04 57 AMMAR 95 CLE2 eTe =~ T(4S)
r(pKEn*x~)/Miotal Mo/T
VALUE (%) EVTS DOCUMENT 1D TECN  COMMENT

1.594£0.12 OUR FIT Error includes scale factor of gk
15340114009 485 ABLIKIM 16 IBES: ete~ — A A, 4.59 Gev ||

r(pK%n*=)/T(pK~ =) Mo/M2
Measurements given as a KO ratio have been divided by 2 to convert to a K% ratio.

VALUE _EVTS DOCUMENT 1D TECN  COMMENT

0.255:+0.015 OUR FIT Error includes scale factor of 1.1,

0.257 +0.031 OUR AVERAGE

0.26 +£0.02 +0.03 985 ALAM 98 CLE2 eTe = T(4S5)

0.22 +£0.06 +0.02 83 AVERY 91 CLEO e" e 105 GeV

049 +0.18 +0.04 12 BARLAG 90D NA32 g« 230 GeV
r(pK~n*x°)/Tiotal M/
VALUE (%) EVTS DOCUMENT ID TECN _ COMMENT

4.4240.31 OUR FIT Error includes scale factor of Juf

453+0.23+0.30 1849 ABLIKIM 16 laess ete™ — AcA., 4.599 GeV]
rpK- 1r+1r°)/f(pK' =*) Ma/r2
VALUE EVTS DOCUMENT 1D TECN COMMENT

With the unique data near AfA; threshold (567 pb* @ 4.6 GeV), lots of

improved measurements have been achieved for A, decays at BESIII
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Nucleon electromagnetic form factors

« Fundamental properties of the nucleon
» Connected to charge, magnetization distribution
» Crucial testing ground for models of the nucleon internal structure
« Can be measured from space-like processes (eN) (precision 1%o)
or time-like process (precision 10%-30% before BESIII)

/'Y Annihilation:Time-Like

region

Scattering

_ ¢ 0 |
—> : =
S o pp—=ecp | Pge
FFs are real FFs are complex

Space-Like region 0] aM= 02
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Nucleon electromagnetic form factors

688 pb! data @2.0-3.08 GeV PRL 124, 042001 (2020)
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Threshold effects of baryons

« The Born cross section for ete™ —» y* - BB, can be expressed in terms
of electromagnetic form factor Gz and Gy .

o55(q) = =& T IGM(@I? + 5 16e (@]

« The Coulomb factor C="~ 2 1oex 1( 7 for a charged BB pair, and equals
B

to 1 for a neutral BB pair

T
e ppBESII

Q
> pp Babar
~—10° oo orosoay, * nnBESII — a3
© E#SJ_O#_ %’ﬁ; o %o hﬂtw . ?\r/]_\?;e%m ; GB§(4m%) = m2 |G|2 848|G| ( )2 pb
et be, % T 1 B
100 . ({)ﬁ} ﬁ%ﬁi‘ . Me S 0 AR
- B, . :
- T ‘4 ***yﬂ - Non-zero cross sections at threshold are
10€ “*};, E observed in various baryon pair
: +ﬂ ] production: pp, nn, AA, AfA; ...
1E I-JT E
= 15
: | !
0.0 0.5 1.0

B=\/1-aM2/s 19



Polarization of A hyperons and CPV

Nature Phys. 15, 631-634 (2019) ;Zi(;fu?roar;dqll

BESIII results with 1.3 billion J/y previous

measurements
Parameters This work PreviQZragults
Oby 0.461+£0.006 £0.007  0/46940.027 ™
AD (42.440.6+0.5)° -
o 0.750+0.009+0.004  0.642+0.013 ¢
o —0.758£0.0104+0.007 —0.71£0.08 1
oo —0.692+£0.01640.006 -
Acp —0.006+£0.01240.007  0.00640.021 8
Gy /0Ly 0.913 +0.028 £t —
2% level sensitivity for
CPV test
i - Y S SM prediction:10'4~10'5
cosh), -
Highest sensitivity test of CPV in baryon sector! More results
with 10 billion J /3 and other hyperons are coming. 20

More details can be found in Andrzej’s talk in RF1



Physics programs for future data taking at BESIII

BESIII white paper: Chin. Phys. C 44, 040001 (2020)

- i Upgrades of detector:
Wishlist comprises about 40 fb-2: v Endcap TOF upgrade (2015)
» Inner most part of the drift chamber
» 10~171fb* on ¥ (3770) > Super Conduct magnet

« 6fblat4.18 GeV - Ds meson

3 3 3 : (14 2
- Scan at the highest energy? Gain luminosity with “Topup

_ injection

¢ Contlnue XYZ SCan A factor of 2 gain for lattice optimized at J/{ running
« Large Z,samples: 5 fb* each at 4.23, 4.42 GeV "] e
+  High-statistics data samples around 2.2, 2.4 GeV:"~ "/
« 3billiony’

0
:
g
B
,
.
2 Ea ¢
. 3.08x10
e 1.5
D

Real data fitting

Peak luminosity (cm
= [~

Beam energy (GeV)

BESIII detector is in good status, inner detector upgrade in
progress, will continue data taking for another 5-10 years 21



Future tau charm factory

 Limited by length of storage ring, BEPCII has no space and
potential for major upgrade
 Physics study limited by the statistics, collision energy

« There is strong competition/synergy between ¢ — t and B factories

 LHCb
Upgrade now
50/300 fb! (Run 3/4)

I Bellell
= Started in 2019
50 abtin total

Future tau charm factory
proposed in China and
Russia

22



Super tau-Charm Facility in China

Peaking luminosity >0.5x10%° cm2s?t at 4 GeV
Potential to increase luminosity and realize beam polarization
Energy range E_, = 2-7 GeV

A nature extension and a viable option for China accelerator project
In the post BEPCII/BESIII era Expected data with lab-

ME No. of Even
————
Ly oo absw 3097 3T I

Optimized Beam Energy/GeV 2.0 2.0 3.686 500B Y’
Beam Energy Range/GeV 1-3.5 1-3.5
Current/:\g 15 20 S MOl
; | | 2.8 B D*
6/0.06 5/0.05
6006  S005@stimaedy 404 0.2BDs
60 60 1 B Y(4260)
0.06 0.08 4.23 100 M Zc
08 08 5 M X(3872)
Aperture and Lifetime 150, 1000s 150, 1000s 3.6 M tau
pE= ey 03 10 463 05MA,

>5 fine scan

More details can be found in Haiping's talk in RF7



Super Charm-Tau Factory in Russia

- Symmetric e*e collider, energy region E_,=2-6 GeV
e Luminosity 10°° cm?st @ 4GeV
« Crab waist beam collision, longitudinal e~ polarization

e.

le- .
SRR “ Circumference 478.092 m
2.5GeV e- 20 60 mrad
/By 50 mm / 0.5 mm
Bx/By
1.5 GeV e+ J
a Frr 349.9 MHz
0 510 m  100m Epeam (GeV) 1 1.5 2 3
I (A 1 2.2 | 2.2 2
1 TCavees MOVOSibirsk Super Charm Tau Factory \ ( )
e+ DR—positron 'damping ring Nbunch 500 | 490 | 420 290
oWz DA e e e (m) | 16388 | 7 | 109
A ‘ CV — electron-positron converter
_EW \I:;JllJzée-- polarized/un-polarized electron/ Lpeak (1035) 0.14! 0.8 1.3 1.1
24

More details can be found in Vitaly’s talk in RF7



Highlighted phyS|Cs at STCF/SCTF

| e = e BES MarkI
=17 s F—--=e- S S N o B | e
_EE +H- : =< pluto :
=1 Bl S o B Opportunities at 5~7 GeV |
T : : T 4 Jr* J% New XYZ particles i
sl 3 LA 1 ------ H ................................ Pooslome et L Hidden-charm pentaquark !
o |% . LL K. 'q? X Search for di-charmonium state
E‘” > ﬂ*—-'-"--'-"--"--f ------ e ***t*ﬁim ........... b More charmed baryon
pet EI | Hadron fragme[ltatlon
Ns (GeV)

e Huge samples of XYZ, Jp, D*, D}, A}, nucleon, hyperon:

— Hadron spectroscopy and QCD: exotic hadron properties, nucleon
structure ...

— Flavor and CP violation: Precise independent measurements of Cabibbo
angle, CP violation in hyperon and tau sectors

— New physics: LFV, LNV, FCNC down to level of SM expectations

25



« BESIII has operated for over 10 years and will
continue commission for another 5-10 years;

« BESIII has significant achievement in hadron physics,
weak decays of charm hadrons, strong phases and
CPV In hyperons;

» Next generation of tau-charm factories are proposed
In China and Russia, with designed luminosity 100
times larger than BEPCII, energy region about 2-7
GeV.
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RF7
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RF7

Related talks in parallel session

15:12

13:30

15:28
13:02

13:14

14:36

Physics potential of a high-luminosity J/y
factory

Charm weak decays at BESIII and STCF

cLFV in tau decays

Physics Potential of a Super Tau-Charm
Facility

Precision Experiments at Super Charm-Tau
Facility

Physics in the Tau-Charm Region at BESII|I

Andrzej Kupsc

Xiaorui Lv

Swagato Banerjee
Haiping Peng

Vitaly Vorobiev

Ryan Mitchell
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